Leucocytes in the bloodstream respond rapidly to inflammatory signals by crossing the blood vessel wall and entering the tissues. This process involves adhesion to, and subsequent transmigration across, the endothelium, mediated by a cascade of interactions between adhesion molecules and stimulation of intracellular signalling pathways in both leucocytes and endothelial cells. This leads to changes in endothelial cell morphology that assist leucocyte extravasation, including endothelial cell contraction, intercellular junction disruption, increased permeability, remodelling of the endothelial apical surface and alterations in vesicle trafficking. Rho GTPases play a central role in many of the endothelial responses to leucocyte interaction. In this review, we discuss recent findings on leucocyte-induced alterations to endothelial cells, and the roles of Rho GTPases in these responses.
INTRODUCTION
Leucocytes need to cross the endothelium in order to enter tissues during inflammatory and immune responses [1, 2] . Leucocyte TEM (trans-endothelial migration; also known as extravasation or diapedesis) is restricted to specific regions of the vasculature, such as capillaries surrounding inflammation or high endothelial venules in secondary lymphoid organs through the localized and regulated expression of receptors. In the current paradigm of leucocyte TEM during inflammation, secretion of cytokines during the initial inflammatory response induces the expression of receptors on the endothelial surface. First, L-selectin on leucocytes and E-and P-selectins, as well as VCAM-1 (vascular cell adhesion molecule-1), on ECs (endothelial cells), slow down leucocytes by establishing intermittent interactions during tethering and rolling (Figure 1 ). This initial contact allows the leucocyte to recognize chemokines presented on the endothelial apical surface that trigger leucocyte β 1 -and β 2 -integrin activation, resulting in leucocyte firm attachment to endothelial adhesion receptors of the immunoglobulin superfamily, such as ICAM-1 (intercellular adhesion molecule-1) and VCAM-1. The arrested leucocyte can then 'crawl', searching for a gateway to cross the endothelium [1] . During TEM, the leucocyte engages other transmembrane receptors, including PECAM-1 (platelet/endothelial cell adhesion molecule-1), the JAM ( junction adhesion molecule) family and CD99, which can signal and contribute to TEM [2] [3] [4] .
Although ECs were originally believed to play a passive role in leucocyte TEM, merely expressing appropriate cell adhesion receptors, it is now clear that leucocytes induce signalling in ECs to facilitate TEM [5] [6] [7] . Leucocytes have been described to migrate either through junctions between ECs, known as paracellular migration, or directly through ECs, known as transcellular migration (Figure 1 ) [8, 9] . These two pathways are likely to involve different signalling mechanisms and morphological changes in the ECs. Here, we will review responses induced by leucocytes in ECs that could facilitate the passage of the leucocytes through either a paracellular or a transcellular route, and, in particular, we discuss the contributions of Rho GTPase signalling in ECs during TEM.
ENDOTHELIAL RECEPTORS INVOLVED IN LEUCOCYTE-ENDOTHELIAL INTERACTIONS
In order to investigate how leucocytes initiate signalling in ECs, it is important to identify which receptors on ECs are engaged during the course of leucocyte TEM. Leucocyte binding to endothelium must be strong enough to overcome the force of blood flow, but transient enough to enable leucocyte motility for further extravasation. Interactions are very dynamic, and leucocytes contact several receptors within seconds.
The identification of receptors involved in the interaction of leucocytes with ECs has involved several complementary strategies. Traditionally, receptor-blocking antibodies have provided the most straightforward tool to determine the role of each receptor, both in vitro and in vivo (Table 1) . Microscopy-based approaches have revealed that ICAM-1 and VCAM-1 are localized around leucocytes adhering to ECs (Table 1) , and also the dynamic changes in receptor localization following leucocyte adhesion [10] [11] [12] . Analysis of leucocyte TEM in vitro allows the role of each receptor to be analysed in detail. For example, combining time-lapse microscopy with receptor-blocking antibodies has recently revealed that ICAM-1 contributes to guiding leucocyte locomotion, as well as to leucocyte adhesion [13] .
The expression level of endothelial receptors varies during the course of inflammation and in different sites in the vasculature, and the levels of cognate receptors on leucocytes differ between leucocyte subtypes [14] [15] [16] . The respective contribution of each Abbreviations used: CHO, Chinese hamster ovary; DRF, diaphanous-related formin; EC, endothelial cell; ERM, ezrin/radixin/moesin; FAK, focal adhesion kinase; GFP, green fluorescent protein; HUVEC, human umbilical-vein endothelial cell; ICAM-1, intercellular adhesion molecule-1; MLC(K), myosin light chain (kinase); MMP, matrix metalloproteinase; PECAM-1, platelet/endothelial cell adhesion molecule-1; PLCγ, phospholipase Cγ; RAGE, receptor for advanced glycation end-products; RhoGDI, Rho guanine-nucleotide dissociation inhibitor; ROCK, Rho-kinase; ROS, reactive oxygen species; TEM, trans-endothelial migration; VCAM-1, vascular cell adhesion molecule-1; VVO, vesiculo-vacuolar organelle.
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Figure 1 Possible remodelling of the endothelium caused by leucocyte interaction
Based on signalling induced by ligation (either by leucocytes or by specific antibodies) of endothelial receptors involved in each step of the cascade of transmigration, leucocytes may alter the endothelium in several ways. During the initial tethering and rolling, E-selectin may transiently signal to the actin cytoskeleton and redistribute caveolae. During firm adhesion, the turnover of focal adhesions may be altered and ICAM-1-and VCAM-1-mediated signalling may increase actomyosin contractility. VCAM-1 would also cause disruption of adherens junctions. During TEM, PECAM-1 could be translocated from an internal compartment to the plasma membrane. Simultaneously, a haptotactic gradient of chemokines may guide the leucocyte to the VVOs formed by caveolae. Each of these processes may guide the leucocyte towards either a paracellular or a transcellular route for TEM.
receptor therefore depends on the site of TEM, and thus the mechanisms of leucocyte TEM differ according to the site in the vasculature, as well as the leucocyte subtype. For example, high ECs in the high endothelial venules of lymph nodes constitutively express receptors involved in leucocyte TEM, including ICAM-1 and VCAM-1, in order to allow continuous entry of naive lymphocytes into the lymph nodes to search for antigen. In culture, ECs rapidly lose many of their location-specific properties, and thus it has been difficult to study differences in TEM with EC subtypes in vitro. However, knockout of receptor genes in mice has provided an important insight into the roles of each adhesion receptor in different parts of the vasculature in vivo. Intravital microscopy has revealed, for instance, the overlapping roles of E-and P-selectin when single and double knockouts are compared [17] [18] [19] , as well as the contribution of VCAM-1 to neutrophil rolling in bone marrow, independently of selectins [20] , or to eosinophil rolling [21] . Similarly, the relative roles of molecules such as ICAM-1 and VCAM-1 in leucocyteendothelial interaction and in leucocyte homing and recirculation into specific organs have been studied in knockout mice [22] [23] [24] [25] .
Intravital microscopy combined with electron microscopy has also revealed the importance of other receptors of the immunoglobulin superfamily, such as PECAM-1, during TEM [26] and in the subsequent migration of leucocytes across the basement membrane [27] .
RHO GTPases AND THE CYTOSKELETON
Rho GTPases play a central role in leucocyte-induced changes to the endothelium. There are 23 Rho family members in mammals, of which RhoA, Rac1 and Cdc42 are the best characterized [28] , and these have been implicated in EC responses during leucocyte TEM [6, 29] . Rho GTPases regulate actin and microtubule dynamics, and therefore almost any process that requires motility [30, 31] . Most Rho GTPases cycle between an active GTP-bound form and inactive GDP-bound form. Their activity is regulated by GEFs (guanine nucleotide-exchange factors), which promote the exchange of GDP for GTP, and GAPs (GTPase-activating proteins) that enhance the GTPase activity of these proteins. In their active GTP-bound conformation, Rho GTPases bind to [10] clustering [65, 66] P-selectin Rolling [19] Rolling [121] C3 transferase or RhoA inhibitor abolish ND ND internalization to clathrin-coated pits during rolling [122] VCAM-1
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and regulate a wide range of downstream effectors [32, 33] . In many cultured cell types, RhoA activation promotes the assembly of actin stress fibres and integrin-containing focal adhesions, whereas Rac1 induces lamellipodia and Cdc42 stimulates filopodium extension [34] [35] [36] . Rho GTPases normally act on membranes, and are post-translationally modified by prenylation. Their interaction with membranes is regulated in part by RhoGDIs (Rho guanine-nucleotide dissociation inhibitors) in the cytoplasm, which bind Rho proteins and prevent their interaction with membranes and downstream targets.
RhoA induces stress fibres by controlling both actin assembly and actomyosin-based contractility. DRFs (diaphanous-related formins) are Rho targets that stimulate actin polymerization [37] . ROCKs (Rho-kinases) are activated by RhoA, and inactivate MYPT1 (myosin-specific phosphatase-1) by phosphorylating its regulatory subunit [38, 39] . This leads to an increase in MLC (myosin light chain) phosphorylation [40] , which enhances actinbinding and actin-induced ATPase activity of myosin II, leading to actomyosin contraction and formation of stress fibres (Figure 2) .
In addition to their effects on the cytoskeleton, Rho GTPases regulate the integrity of intercellular junctions and their adhesion to the underlying cytoskeleton (reviewed in [41, 42] ). In ECs, Rho and Rac have been shown to affect the integrity of adherens junctions and tight junctions [43, 44] . Little is known about how Rho GTPase signalling pathways regulate endothelial junctions, but possible mechanisms for Rac/Rho effects on junctions have been described in epithelial cells. For example, Rac1 has been suggested to stabilize adherens junctions by binding to the protein IQGAP [41] . Downstream of RhoA, the DRF mDia1 and ROCK have been reported to have opposite effects on adherens junctions in epithelial cells [45] .
EFFECTS OF LEUCOCYTES ON ENDOTHELIAL STRESS FIBRES AND FOCAL ADHESIONS
Leucocyte interaction has been shown to induce stress fibre formation in various EC types [46, 47] , and this is often accompanied by an increase in endothelial permeability, which can lead to tissue oedema [48] . Both RhoA/ROCK and Ca 2+ -dependent phosphorylation of MLC by MLCK (MLC kinase) contribute to leucocyte-induced stress fibre formation, increased permeability and TEM [6, 10, [49] [50] [51] [52] [53] [54] . Stress fibres could facilitate leucocyte TEM by exerting tension on cell-cell junctions. Although stress fibres are normally anchored to the plasma membrane at focal adhesions, under certain conditions they may instead be anchored to intercellular junctions [55] , and might pull directly on intercellular junctions.
How do leucocytes stimulate RhoA/ROCK and/or MLCK to induce stress fibres? The contribution of each endothelial receptor involved in leucocyte TEM to endothelial responses has been studied mainly by using specific antibodies to mimic receptor engagement by leucocytes (Figure 2 and Table 1 ). Antibody-induced clustering of either ICAM-1 or VCAM-1 induces an increase in RhoA activity and in stress fibres [6, 10, 56] . How endothelial receptors activate RhoA is not clear, but one possible link is via the ERM (ezrin/radixin/moesin) family of actin-filament-binding proteins, which can bind to ICAM-2, ICAM-1 and VCAM-1 cytoplasmic tails [11, 57] . RhoGDI binding to ERM proteins dissociates it from RhoA, potentially facilitating RhoA activation [58] . Reciprocally, RhoA regulates membrane localization of ERM proteins in several cell types [59, 60] , and RhoA activity is required for clustering of ICAM-1 and VCAM-1 with ERM proteins in areas of leucocyte contact (Figure 2) [10, 11] . (C) A 4-fold magnification of the squared area in (B) is shown. Transmigratory T-lymphoblast is surrounded by a microvillus-like docking structure. Despite being enriched in adhesion receptors involved in leucocyte firm adhesion, abrogation of these structures inhibits leucocyte TEM, but not adhesion [12] . ROCK may mediate the formation of these docking complexes [11] . Images in (B) and (C) were taken with a coolview 12-bit integrating cooled CCD camera (Photonic Science, Robertsbridge, East Sussex, U.K.) mounted over an Axiophot microscope (Carl Zeiss Ltd, Welwyn Garden City, Herts., U.K.).
MLCK is activated by Ca
2+ /calmodulin, and antibody ligation of E-selectin, P-selectin and VCAM-1 can mimic neutrophilmediated activation and induce an increase in intracellular Ca 2+ concentration [46] . ICAM-1 ligation also induces Ca 2+ -mediated signalling in ECs, probably through activation of PLCγ (phospholipase Cγ ), and specific antibodies against ICAM-1 block the leucocyte-mediated increase in intracellular Ca 2+ [61, 62] . Lipid rafts and/or caveolae could bring together adhesion receptors with specific signalling proteins [63, 64] . Both E-selectin and ICAM-1 localize to lipid rafts following antibody clustering [65] , and E-selectin clustering induces lipid-raft-dependent phosphorylation of PLCγ . Anti-E-selectin-coated beads bound to HUVECs (human umbilical-vein ECs) appear surrounded by caveolin-1, the structural component of caveolae [66] . RhoA and Rac1 have been reported to localize to lipid rafts and caveolae in some cell types [67] [68] [69] , although not so far in primary ECs, and this is important for their ability to signal to some of their downstream targets [70, 71] . It will therefore be interesting to investigate whether lipid rafts contribute to signalling upstream and/or downstream of Rho and Rac in leucocyte-induced endothelial responses.
As well as activating RhoA, ICAM-1 engagement in brain EC lines promotes phosphorylation of several focal adhesion proteins, including FAK (focal adhesion kinase), paxillin and Src [61, 72] . FAK phosphorylation normally accompanies stress fibre and focal adhesion formation, although it usually promotes focal adhesion turnover rather than assembly [73, 74] . Consistent with this, Mullaly et al. [75] describe an increase in FAK phosphorylation and a decrease in focal adhesions upon interaction of lymphocytes with ECs. Loosening of endothelial attachment to the extracellular matrix might enhance the migration of leucocytes through the blood vessel wall subsequent to TEM. However, clustering of VCAM-1 was reported to increase focal adhesion formation in HUVECs [76] , but whether VCAM-1 affects FAK phosphorylation is not known.
EFFECTS OF LEUCOCYTES ON ENDOTHELIAL CELL-CELL JUNCTIONS
Endothelial cell-cell junctions need to be disrupted when leucocytes use a paracellular pathway to transmigrate across the endothelium. This disruption has been monitored in real time during leucocyte TEM by using fluorescently labelled non-blocking antibodies, or by transfection of constructs coding for junctional components tagged with GFP (green fluorescent protein). For example, expression of VE-cadherin-GFP in HUVECs was used to analyse adherens junction dynamics during TEM of human neutrophils and monocytes [77] . Leucocytes were shown to transmigrate by a paracellular route through transient opening of gaps in the adherens junctions. Leucocytes also transmigrated through pre-existing gaps, or through gaps previously opened by another leucocyte. Importantly, there was no net loss of VEcadherin at the plasma membrane during TEM, but a reversible reorganization of junctional structures. The average time of gap resealing was measured as 5 min, which seems long enough to account for the increase of endothelial permeability induced by leucocytes [48] . When PECAM-1 and VE-cadherin dynamics were analysed by fluorescence time-lapse microscopy using nonblocking antibodies, a brief gap widening was also observed for both junctional proteins [78] .
VCAM-1 clustering has been shown to induce disruption of adherens junctions through Rac1 activation and subsequent generation of ROS (reactive oxygen species) [7, 79] . This signalling is dependent on the VCAM-1-induced calcium flux [80] . ROS scavenging inhibits VCAM-1 effects on junctions and monocyte TEM [81, 82] . In contrast, ICAM-1 clustering or active RhoA did not alter adherens junctions. As mentioned above, ICAM-1 ligation induces RhoA activation, but its effect on Rac1 has not been reported. Since inhibition of RhoA or Rac1 reduces leucocyte TEM [6, 76] , these data suggest that activation of RhoA by ICAM-1 and VCAM-1, and subsequent actomyosin contractility, may act co-ordinately with VCAM-1 activation of Rac1 and disruption of endothelial adherens junctions (Figure 2) . Together, RhoA and Rac1 would thereby facilitate TEM. This model, however, may be restricted to particular EC types, such as HUVECs, since in human pulmonary microvascular ECs ICAM-1 is necessary not only for stress fibre formation, but also for ROS induction upon monocyte adhesion to the endothelial monolayer [83] . Comparative studies with different EC types have confirmed that ICAM-1-mediated ROS production depends on the cell type [84] . Further investigation is necessary to understand fully the signalling pathways induced by each leucocyte-binding receptor individually and in combination.
Another leucocyte-binding receptor that signals to Rac1 and might thereby affect junctional integrity is RAGE (receptor for advanced glycation end-products) [85] . RAGE is implicated in a variety of inflammatory disorders [86] , and has recently been described as a ligand for the β2 integrin Mac-1, αMβ2 [87] .
PECAM-1 is present in endothelial cell-cell junctions and may regulate Rho, since lung ECs from PECAM-1-null mice have a decreased motility in wound-healing assays, which correlates with reduced Rho activity [88] . PECAM-1 has been reported to localize in a novel internal parajunctional compartment, and normally cycles continuously between the cell surface and this compartment. Upon interaction with neutrophils, internal PECAM-1 is translocated to the cell surface, and impairment of this trafficking abrogates diapedesis, but not adhesion [89] . It would be interesting to determine whether PECAM-1 engagement by leucocytes stimulates Rho and locally enhances actomyosin contractility, possibly thereby reducing PECAM-1 transport away from the cell surface.
In addition to inducing reversible opening of adherens junctions, there is also some evidence that neutrophils induce proteolytic degradation of endothelial adherens junctions [78] . Fragments of VE-cadherin were found in cell-culture supernatants following adhesion of neutrophils to HUVEC monolayers [90] . Elastase and cathepsin G were identified as proteases on the neutrophil surface that cleave VE-cadherin, and their activity was required for optimal TEM [90] . In addition, it has been proposed that VCAM-1-dependent generation of ROS may activate MMPs (matrix metalloproteinases) that would locally degrade the extracellular matrix at areas of leucocyte binding, promoting EC retraction [79] . However, neutrophils from mice deficient for MMP-9 or neutrophil elastase exhibit normal transmigration through the endothelium, and are able to degrade VE-cadherin [91] . Whether cathepsin G or other proteases are sufficient for degrading VEcadherin and/or the extracellular matrix will be an important point to address in future studies.
EXTENSION OF APICAL 'LEUCOCYTE DOCKING STRUCTURES' BY ECs
Two groups have recently described a dramatic leucocyte-induced remodelling of the apical endothelial plasma membrane mediated by the actin cytoskeleton ( Figure 2C ) [11, 12] . Both groups took advantage of strategies to enhance integrin/cellular-adhesionmolecule-mediated adhesion to perform a detailed microscopical analysis of the interaction zone between leucocytes and ECs. Barreiro et al. [11] primarily used K562 erythroleukaemia cells stably transfected with the VCAM-1 ligand VLA-4 (very late antigen-4)/α4β1, and studied their binding to HUVECs. K562 cells are unable to transmigrate, and remain apically attached via VCAM-1. Carman et al. [12] used CHO (Chinese hamster ovary) cells stably transfected with ICAM-1, co-cultured with K562 cells expressing an LFA-1 (lymphocyte function-associated antigen 1)/ αLβ2 trapped in its open conformation. Again, the K562 cells are unable to transmigrate across the CHO cells [12] . Protrusions containing ICAM-1, VCAM-1, F-actin and ERM proteins form on the endothelial or CHO cell apical surfaces and surround the attached K562 cells. Similar docking complexes were found surrounding primary lymphoblasts on HUVECs, indicating that these structures are not restricted to the K562-based model cell systems. It is possible that the docking structure projections are formed by reorganization of endothelial microvilli, since both ICAM-1 and ERM proteins are normally present in microvilli [56, 57] . Actin polymerization and microtubule integrity are both required for the formation of these protrusions, and Ca 2+ chelation inhibits protrusion formation, although it is not known what the relevant target(s) for Ca 2+ are. Whether ROCK contributes to the formation of docking structures is not clear: Barreiro et al. [11] found that ROCK inhibition abrogated the generation of the docking complexes as well as leucocyte rolling, adhesion and TEM, whereas Carman et al. [12] did not detect an appreciable inhibition of endothelial protrusions with ROCK inhibitors. In either case, however, inhibitors that prevent formation of docking structures appear to reduce TEM, but have little effect on adhesion of leucocytes, suggesting that the docking structures contribute to TEM.
RHO GTPases AND LOCALIZATION OF CHEMOKINES AND ADHESION RECEPTORS
All these data together suggest that Rho GTPases contribute to remodelling of EC actin-based structures upon leucocyte binding, and that this facilitates leucocyte TEM. Another endotheliumbased mechanism proposed to contribute to TEM is the presentation of chemokines or cell adhesion receptors in a gradient, thereby guiding the leucocyte across the endothelium [92, 93] . Chemokines in the tissues are transported across ECs to their apical (luminal) surface via caveolae, which are a non-clathrincoated vesicle system and are very abundant in ECs [94] . It has been proposed that chemokines form a gradient from the luminal to the abluminal side of blood vessels that would orientate the leucocyte during extravasation [93] . Since Rho and Rac can localize to caveolae [67, 69] , they might regulate caveolar transport. RhoA, Rac1 and Cdc42 GTPases regulate the transcytosis of the polymeric immunoglobulin receptor (pIgR) across epithelial cells [95] [96] [97] , but whether they affect transcytosis across ECs is not known. However, dynamin-2 is known to contribute to scission of caveolae from the plasma membrane and endothelial transcytosis [98] , and interacts with activators of Cdc42 [99] ; thus Cdc42 might contribute to movement of caveolae across ECs by stimulating actin polymerization. Interestingly, caveolae are polarized in ECs under shear stress, and distribute along actin stress fibres in areas upstream of the flow direction [100, 101] , implying a potential link with Rho.
Recent findings suggest that adhesion molecules may also form a gradient of adhesion to enhance TEM. Blockage of leucocyte β2 integrin interaction in monocytes on HUVECs does not block adhesion (cells remain adhered via β1 integrins), but results in a disorientated crawling of the attached monocytes [13] . Under these conditions, monocytes do not reach intercellular junctions and TEM is impaired. Instead, they move around, 'blind to the junction', in what Schenkel et al. [13] call 'search pirouettes'. The explanation these authors propose is that the β2 ligands ICAM-1 and ICAM-2 form an adhesion gradient that the leucocyte follows to find the best site for extravasation. Taken together, these results suggest a model in which the endothelium is able to guide the leucocyte in order to initiate productive diapedesis.
TRANSCELLULAR TEM OF LEUCOCYTES
Although transcellular TEM has rarely been observed in vitro, there is some evidence that it occurs in vivo. Electron microscopy analysis of neutrophils extravasating in response to fMLP (N-formylmethionyl-leucylphenylalanine) revealed that they preferentially transmigrated through thinner areas of the endothelium far from intercellular junctions [9, 102] . Little is known about the mechanistic basis for transcellular TEM of leucocytes, but it has been suggested that a vesicular compartment termed the VVO (vesiculo-vacuolar organelle) could be involved. VVOs result from the fusion of vesicles, which interconnect to form transcellular channels that facilitate the passage of solutes and macromolecules [103] . The nature of these VVOs remains obscure, but they are positive for the caveolar marker caveolin-1 [104] , and could therefore be made at least in part from caveolae. It will therefore be important to determine whether Rho GTPases are associated with VVOs. Feng et al. [105] propose that VVOs could transiently form a transcellular pore to allow transcellular diapedesis of a neutrophil. It is possible that a gradient of chemokine could then act across this pore to attract the leucocyte through into the tissues (Figure 1) .
In some electron microscopy images, processes extend around neutrophils attached to the endothelium, similar to those observed during phagocytosis [105, 106] and in the docking structures described around adherent leucocytes in vitro [11, 12] . Interestingly, the endothelium has been shown to possess a remarkable phagocytic capacity [107] [108] [109] , and Rho GTPases are well known to regulate phagocytosis [110] . Endothelial cells may thus make use of similar machinery to phagocytose cells and to allow transcellular passage of leucocytes.
CONCLUSIONS AND FUTURE PROSPECTS
Leucocytes induce many alterations to the endothelium to facilitate the process of extravasation. Some of these changes, such as endothelial contractility and intercellular junction disruption, are likely to enhance selectively the paracellular pathway of TEM. Other changes, like the formation of docking structures and pores due to VVO fusion, may direct cells preferentially to a transcellular pathway. It is difficult to evaluate the relative contributions of each of these endothelial responses to the process of TEM, because no comparative studies have been performed yet in a single EC type in vivo or in vitro. In addition, the fact that transcellular TEM has rarely been observed in vitro may reflect the decrease in levels and distribution of caveolae in ECs cultured on plastic [104] . For future studies on the mechanistic basis for transcellular TEM, an in vitro system for analysing this process will need to be developed.
The RhoA/ROCK and Rac pathways are key regulators of leucocyte-induced endothelial changes, particularly those relevant to paracellular transmigration (Table 1) . Whether Rho GTPases also regulate other leucocyte-induced alterations, such as vesicular reorganization to form transcytotic channels, will be an important topic for future research. In addition, most studies on signal transduction during TEM have concentrated on responses to ICAM-1 and VCAM-1 [3,4]. However, several other receptors have been implicated in leucocyte adhesion and TEM, and it will thus be interesting to know whether they also affect Rho GTPase signalling pathways.
Improvements in technology, such as intravital two-photon microscopy [111] , are enabling researchers to address many questions in vivo that before could only be studied in vitro. This, combined with the use of conditional knockout mice, will allow the role of specific signalling molecules in ECs to be addressed during TEM in vivo. In addition, new in vitro systems are being developed to mimic the endothelial environment in blood vessels, such as co-culture of ECs with other vascular cell types [112] [113] [114] , and systems to study the effects of fluid flow on leucocyte transmigration [115, 116] . These systems are suitable for analysis with advanced imaging techniques. For example, fluorescence resonance energy transfer is used to measure local interactions between two proteins [117] , and may provide an answer to whether signalling pathways activated by stable cross-linking of different adhesion receptors are also activated at contact areas between the leucocyte and the EC. Fluorescence recovery after photobleaching [118, 119] may detect changes in endothelial receptor dynamics during leucocyte engagement. Future studies of endothelial-leucocyte interaction should therefore allow signalling processes during TEM to be analysed without gross perturbations to the endothelium. 
